A simple one-dimensional model of a pool fire (diffusion flame) is derived from the three-dimensional (or two-dimensional) equations of a reacting flow assuming the fire profile. Assumptions about the fresh air entering the column by free convection and about the fuel vaporization are used in order to close the system. This model has been implemented and a numerical study is provided.
Introduction
The natural combustion of an amount of fuel contained in a pool, a pool fire, is a problem of major interest, mainly motivated by the will to control or prevent accidental fires. The modelling and the numerical prediction of a fire are very complex problems since the fire dynamics is governed by the interactions of the effects of the natural vaporization process, natural incoming air, strongly reactive chemistry, turbulence, soot pollution and radiation. Reviews of the different aspects of fires can be found in [5, 6, 14, 16, 21] .
The goal of this paper is to contribute to the modelling of the pool fire through a simple model where the effects of the vaporization of the fuel and of the free feeding fresh air are accounted for. The simplicity of the model comes from the reduction to one dimension of the three-dimensional reactive Navier-Stokes equations, using the assumption of both fire profile and model of incoming fresh air. This paper is constructed as follows. In section 1, the reduction of dimension is computed and the modelling of the chemistry, the feeding fresh air and the vaporization process are presented. The dimensionless formulation in section 2 allows us to define the main parameters of the system. General comments on the system and the numerical treatment are briefly set out in the succeeding parts. Section 5 is devoted to a numerical study where the behaviour of the model is shown according to the various choices of parameters. Finally, the comparison of a few results with the Heskestad correlations of flame height and temperature allows us to conclude that the model provides acceptable results.
Modelling
The problem to be studied herein is the combustion of a column of gaseous fuel which is supposed to result from a vaporization process localized at the bottom of the column [5, 6] . The liquid fuel is contained in a pool which receives heat of vaporization from the combustion itself (essentially through radiation). The purpose (and the difficulty) of the following model is to attempt the reduction (in a relevant way) of a two-or three-dimensional vaporizationcombustion problem to a one-dimensional modelling indicative of the physical properties of the whole system.
First, the combustion model is introduced.
Combustion model
A single irreversible one-step reaction of the form
with the notation F (or index 1) for gaseous fuel, O X (or index 2) for oxidizer and P for combustion products, while the quantities ν o and Q indicate the mass of the oxidizer and the heat released consumed (or produced) per unit mass of fuel. The combustion rate ω, defined as the mass of fuel consumed per volume and time, is supposed to depend in a strongly non-linear way on temperature T . As in the classical case the Arrhenius law is chosen:
where ρ denotes the density, B the pre-exponential factor (a constant with the dimension of a frequency), Y 1 the mass fraction of fuel, Y 2 the mass fraction of oxidizer, M 1 the molar mass of fuel, M 2 the mass fraction of oxidizer, ν 2 the stoichiometric coefficient of oxygen (generally equal to ν o ) and T A = E/R the temperature of activation.
Conservation laws
The following multi-dimensional conservation laws are characteristic of low Mach number flows encountered in diffusion flames [3, 23] :
where V = (v x , v y , v z ) stands for the velocity field, φ 1 (respectively φ 2 , q) for the diffusive flux of fuel (respectively oxidizer and heat). The last conservation law, for momentum, is required in one dimension only for the determination of pressure, which is of little interest in low Mach number flow. Hence, this equation is omitted here in view of the reduction of dimension.
Reduction of dimension according to the fire profile
Let us assume a column of fire of width , into which enters a certain amount of gaseous fuel through the bottom and a certain amount of fresh air (driven by free convection) through both lateral boundaries.
For the sake of clarity, the reduction process to one dimension is done from the bi-dimensional original set (3) . The extension for a cylindrical three-dimensional domain will then be directly deduced from this computation.
Let z be the vertical coordinate and x the horizontal coordinate. Therefore, the column of fire corresponds to the domain
A linear dependence for with respect to z is set in order to describe the shape of the plume fire [5] :
where 0 is the constant pool width at the bottom, and where, for example, the widening coefficient 1 = 0.17 ([5] , p 120) for a plume flame in the particular case of a point source.
To get a one-dimensional model, the integration is done partially on the two-dimensional domain V i which defines a vertical section of fire of height h z , bounded with the fire shape σ i (see figures 1 or 2). Green's formula gives for the quantity div(ρ V f ) (f playing equally well the role of 1,
where
, the symbols (+) and (−) denote the values of quantities at x = /2 and x = − /2, respectively. The angle α is defined by tan(α) = 2h z /( i+1 − i ) = 1 , see figure 1 . Then, we have
In order to close the system, the z-component of the velocity at x = ± /2 is assumed negligible (i.e. v − = v + 0) assuming that the main plume fires are located around x = 0.
Assuming that the configuration is symmetrical with respect to x = 0, the boundary conditions at x = /2 and − /2, are now defined and denoted by the subscript ∞. At x = ± /2, the x-component of the gas velocity is assumed to be equal to the velocity of fresh air entering, while only air composes the gaseous melange at the ambient temperature. We then have
Finally,
The same computation is now done for the terms ρD ∇f . We have
In order to close the system, the gradients of volume fractions and temperature have been assumed negligible at the points x = ± /2 (∇f
. If the domain is now three dimensional (see figure 2) , the same integration, with the same closure assumption, gives us
The previous approximations (8) and (9) are now applied to model (3) in order to reduce the two-dimensional model to a one-dimensional model. The following set of one-dimensional equations is obtained, where each quantity a(z) actually represents the related quantity a (z), averaged from − (z)/2 to (z)/2, for a given vertical position
For the sake of simplicity, additional assumptions can be introduced in the previous conservation laws: C p = const., the species (respectively heat) diffusive fluxes are proportional to the gradient of the related species (respectively temperature). The last assumptions mean that cross diffusional effects in all directions are considered to be negligible.
Feeding with a fresh air lateral flow
The next step of the modelling concerns the far field, which is characterized by a convective flow driven by the column of fire. Because this flow controls the oxidizer transport towards the flame zone, it deserves several approaches to carry out its modelling. Two different approaches could be attempted. They correspond to classical self-similar convective solutions of the Boussinesq equations along a vertical thermal source.
A straightforward dimensional analysis of the convective flow (of Pohlhausen type) driven by a vertical heat source leads to the following horizontal velocity field far from the source: (a) If the heat source furnishes a prescribed temperature field T (z),
where f (Pr) is a slowly varying function of the Prandtl number (of O (1)), β is the volume dilatation coefficient and ν κ is the kinematic viscosity. (b) If the heat source provides a prescribed heat release Qw(z),
where h(Pr) is a function of the Prandtl number and λ the thermal conductivity.
The set of equations
To sum up, a set of four coupled equations is finally obtained. The input of fresh air is described by u ∞ (z). Hence, withṁ, the mass rate per unit of volume that enters the column of fire, equalṡ
The conservation laws can be rewritten as follows:
with S( ) = π 2 if the initial three-dimensional domain is considered and with S( ) = if the initial domain is two dimensional.
Complementary equation
Equation of state: in the first approximation, the gas can be considered as essentially composed of nitrogen (except at the very bottom). Consequently, its molar weight being more or less constant, we can choose
The next level of approximation should take into account the actual composition of the gas with the set of all mass fractions (gaseous fuel, oxygen, combustion products and eventually soot) involved in the chemical reaction; the general expression of the equation of state reads
Boundary conditions
(a) At z = 0. The fuel vaporizes at T s , the temperature of coexistence with liquid vapour (here, at atmospheric pressure). The heat flux received at the bottom allows the liquid fuel to vaporize. Hence, the following set of boundary conditions is prescribed:
with L the latent heat of fuel evaporation and where the radiative flux q r incident on the pool is described by the Rosseland law, due to the large opacity of fire [15, 17, 20] :
where σ is the Stefan-Boltzmann constant and ζ is the mean free path of photons [17, 19, 20] . (b) At z = +∞. As a matter of fact, the significant height of the system corresponds more or less to H , the flame height, which is scaled by the following expression:
The latter relationship expresses the fact that the vaporized fuel has met sufficient fresh air to be oxidized before reaching H . Therefore, a computational domain limited by z max corresponding to a few multiples of H , seems to be sufficient for capturing the physics of the fire. Consequently if z max is high enough, the following set of boundary conditions can be imposed at z = z max :
Note that only for the computation of the flame height H , the Rosseland radiative flux at the origin is simplified by the simplest approximation q r |z=0 = σ ζ T 4 m , where T m is the mean value of the temperature.
Physical scales
The process of non-dimensionalization will allow us to reduce by four the set of physical parameters. Moreover, if the different physical units are well chosen, this process furnishes a direct comparison between the different physical aspects, such as reaction, advection or diffusion.
Let us first consider the choice concerning the timescale.
(1) Timescales. In situations in which combustion takes place, it is usual to consider the reaction rate as the typical time unit. In this case, we are actually faced with two different types of combustion. On the one hand, along the column the actual combustion mode is a diffusion flame whose rate is controlled by the transfer of oxidant towards the column. On the other hand, at the very bottom of the column there is quite a complex situation in which a thin flame zone (albeit very rich) is stabilized in a slow flow of vaporized fuel. The smallest timescale that can be encountered shall be chosen: the one given by the reaction rate obtained at the adiabatic temperature at stoichiometry.
Concerning the length scale, several possibilities for selecting a characteristic length are relevant: the height of the flame, the reaction-diffusion length scale, the typical thickness at which diffusion balances advection or the pool diameter.
The fact that actually the reaction-diffusion length plays a part essentially in the horizontal direction and that no boundary condition will introduce a boundary layer phenomenon has to be taken into account. Consequently, along the vertical direction there is a unique length of variation, which is scaled by the flame height.
(2) Flame height. Assume that the convective flow is driven by the prescribed heat release ω(z)Q and that the chemical reaction is rapid compared with the other phenomena. The reaction rate is then controlled by the fresh air flux entering the column. Hence, from the oxygen conservation equation in (16), we can extract the following equality (14) , leads to
which can be rewritten as
Here, T f defines the adiabatic flame temperature as the temperature attained by the fresh air when entering the column (if other thermal effects are negligible, i.e. slow compared with the reaction). This last expression for fresh air velocity is formally equivalent to the convective velocity with a prescribed temperature, provided that
At this point, let us go on with the first expression (13) for the velocity of fresh air:
Now, asserting that the total mass flux of fresh air entering the column along the diffusion flame balances the fuel gas feeding at the bottom, the integration in equation (21) leads to
or again
To interpret the latter result, let us introduce the following velocities.
• R, the velocity of the spreading of a thermal contamination through the radiative transfer driving along a pool. From dimensional analysis,
where ρ l = (ρ ∞ T ∞ )/T m is the density of the vaporized fuel. If T m = T f is chosen, the flame height is overestimated. For the numerical computation, it could be used at each time step R = q r |z=0 /(Lρ l ). Note that the H value is essentially controlled by the R value.
• W , the typical velocity of a convective flow above a zone of typical length where the thermal energy delivered per unit of mass is Q:
It is then interesting to express the diffusion flame height reduced with the size of the column section given by the ratio between two mass flows to the power 4 3 -the first one being that of a combustion spreading along a pool and the second one, the convective mass flow driven by the burning pool of typical scale 0 :
where the constant c 0 is equal to:
Dimensionless form
A dimensionless form of the model (16) is now written in order to exhibit the main parameters of the model.
Units of reference
The mass reference is the fresh air density ρ ∞ . The characteristic length is the constant width 0 of the pool fire. The characteristic velocity, U ⊥ , is the velocity of the air coming at right angles to the Oz axis, by natural convection.
The characteristic time is the convective time of the fresh air t mech , defined by:
A relationship between the characteristic velocity and the reference diffusive coefficient D is introduced: U ⊥ = √ D/t mech . The adiabatic temperature T f is the reference temperature and leads to a normalized temperature defined by
leading to = 1 for T = T f and = 0 for fresh air.
Reaction rate
A chemical time using the reaction rate ω T f at adiabatic temperature and at the stoichiometry is defined as
setting
with the Zeldovich number Z defined by
Mass conservation
The new dimensionless quantities, denoted by , are defined by
The mass conservation equation is rewritten as
with u ∞ = u ∞ /U ⊥ and S( ) = S( / 0 ) = 1 + αz , where α = 1 / 0 is the dimensionless plume widening coefficient.
Conservation of species
Using mass conservation, the species conservation equation is first rewritten in a nonconservative form:
is introduced here as well as the dimensionless diffusive coefficients
By a similar computation, the second reduced species conservation equation is now
Energy conservation
Let us now write the dimensionless energy conservation equation. In a non-conservative form, this equation becomes
and
According to the previous choice of units of reference, it is straightforward to show that
Finally, we obtain
with
Boundary conditions
where T s is the boiling point. The velocity of fuel injection is also reduced and given by
with St the Stefan number and Bl the Boltzmann number defined by
At z = +∞, the boundary conditions remain unchanged.
General comments
Omitting the prime notation, we recall the dimensionless system for the sake of clarity
Before giving detailed results, a few general comments show the specificity of the onedimensional model (45)-(48) and the terms which characterize the fire. The fire is mainly described in our case by three specific terms. The first one appears as a positive source term in both mass (45) and oxygen volume fraction equations (47) and models the mass of fresh air entering the fire through its speed u ∞ . A negative term due to the non-conservative formulation appears in equations (46)-(48) and balances this gain term. The influence of the exterior air affecting the chemistry will be described by the variations of the Damköhler number, in each reaction term in both species, and the temperature conservation equations.
The second one characterizes the reactive gaseous flow and determines, as well as the mass of fresh air entering the criteria of extinction. It is the mass of gaseous fuel feeding the fire, modelled through its speed (43), and which describes the evaporation process of the liquid fuel (see also section 5.3). It intervenes crucially in the mass conservation equation since it constitutes the initial condition needed to solve it. Both the Stefan and Boltzmann numbers are associated with this process and their variations will allow us to control the incoming fuel.
Finally, the geometry of the fire is taken into account through the term S( ), which is a function of the size of the pool. This term includes all the convective fluxes (directly in the conservative form (16) or by the way of a supplementary source term in the non-conservative form (46)- (48)) and the diffusive fluxes of both volume fractions and temperature. Now we model some of the main characteristics of the fire dynamics omitting two other major physical aspects, the turbulence and the radiative transfer, which limit our study. Concerning the turbulence, for a pool fire having a diameter less than 30 cm, the flame can be considered as laminar and a transitional regime occurs if the pool size is between 0.3 and 1 m. For larger diameters, the fire becomes fully turbulent [5, 6, 14] . This study must, therefore, be limited to small pool fires. Radiation is a predominant heat transfer mode inside the fire, mainly due to soot emission [9, 14, 21] , produced by the combustion of heavy fuel. Neglecting radiation is then an important assumption and limits our model to fire caused by the combustion of non-sooting hydrocarbons. Nevertheless, with a classical Reynolds average of these equations [22] , and with both soot formation and radiation models, this model should have no other important limitations.
Numerical treatment
Equations (36)-(41) are discretized by an explicit order one upwind scheme for the convective terms. Only the diffusive terms are treated in an implicit way, with ρ frozen. The discretization of these terms is written, for Y k=1,2 , as
The algorithm of resolution is the following. Assuming all the quantities are known at t = t n , equations (46) 
Numerical results

General behaviour of the model
Ignition.
The pool is in contact with a hot point of 2000 K, fixed between z = h z and z = 25 cm. The reacting mixture is established when the hot fuel vaporizes and mixes with the external oxygen. The latter is first driven by the heat source and afterward by the new-born (diffusion) flame. The difficulty is due to the presence of only fuel in the pool (i.e. in terms of boundary condition (7)). This combustible is indeed injected by the flame itself (through vaporization (43) and, thus, through the temperature gradient). The fresh air driven by natural convection has to be present in sufficient quantity to allow a steady-state flame and to avoid its extinction. The solution (and the future initial condition) is presented in figures 3 and 4.
The three regimes of a fire.
The general behaviour of a fire and in particular the three characteristic regions [1, 14, 6] can be seen in the above-mentioned figures. Near the pool, the flame zone is characterized by violent reaction in a thin zone around z = 0.1, in the first example. The flame zone is rich in hot fuel vapour and all the oxygen is consumed by the reaction. In figure 4 , this zone is precisely determined by the rapid decrease of the oxygen volume fraction. The second zone is situated between 0.1 and 0.25 in this example, the incoming oxygen is consumed and the reaction takes place as well (see also the curves of reaction rates further in figure 12 ). This region is usually called the intermittent zone because of its fluctuating turbulent character, which is of course missing here. The last region is the plume zone, where both temperature and velocity decrease. The oxygen volume fraction increases because of the temperature gradients and does not react with the fuel since all the fuel is now burnt.
Increasing, decreasing and steady-state processes.
Let us consider a Gaussian increasing profile of the temperature. The rise in temperature implies in a reversible way an increase in fresh air velocity (see equation (13)). At the origin, the temperature gradient increases, and so does the fuel injection velocity (equation (43)). The flame grows by this process and goes up by a few centimetres (at most 10 cm). Because of this detachment, the temperature gradient at the origin and, thus, the vaporization velocity decrease. This latter may be negative, which means that the gaseous fuel gets cooler and non-reactive because of the higher temperature of the pool compared to the temperature of the medium. Note that the pool temperature is maintained at 300 K, which is always higher than the fresh air temperature (293 K). All these interactions make the flame decrease and return to a location near the pool. As before, the flame presence near the pool generates growth. This occurs until the steadystate condition, which is actually an equilibrium between the fuel injection and the fresh air velocities, is reached. Note that if the flame is not allowed to return to near the origin (thanks to the velocity model using the temperature gradients), extinction occurs. For example, if the radiative flux is chosen constant as in section 1.7, the flame cannot return. When the flame is too high (30 cm, for instance), the incoming fresh air is not present in sufficient quantities leading to extinction. The Damköhler number controls the amount of fresh air entering the column. For small values of Da, the fresh air enters faster in order to react with the fuel. The reaction is then almost total and located in the flame zone, leading to a very small intermittent zone. In figure 12 , the thin flame zone followed by the intermittent zone, located at z ∈ [0.04, 0.17] for Da = 2.5 or at z ∈ [0.03, 0.25] for large Da can be seen. When the Damköhler number grows, this region in its turn grows, and the temperature and velocity increase. The fuel is consumed slowly as long as the fresh air allows the reaction to proceed. For Da > 75 the intermittent zone is larger than the incoming fresh air zone (i.e. wherė m is sufficiently large). The oxygen is not sufficient (because z is too large in spite of a high temperature, see the definition of u ∞ ) and the flame blows locally. This phenomenon introduces a periodic oscillation of the flame. When the flame grows (because Da is large), one or more extinctions appear locally. The profile of the temperature is then modified and the flame becomes less important. As before the flame grows again and a new local extinction occurs. All this behaviour is coupled with the motion of the flame near the origin (when the flame blows, it goes back to the pool). A non-steady flame with a period of oscillation is obtained.
Variation of Damköhler number
All the flames which are able to achieve a stable state because of the very reactive chemistry are obtained for Da ∈ [2, 50] . Now, if a less reactive combustible liquid, setting M 1 = M fuel 0.154 kg mol −1 and ν 2 = ν o = 2, is used with the model derived from the threedimensional equations, the steady solution shown in figures 5 and 6 is obtained. Due to these new parameters, the profile of the flame is now very different from the previous one. As before, this solution is used as an initial condition, with the same value as mentioned in footnote 4. Now, the steady flame profile for a larger range of Damköhler numbers is presented in figures 13-19.
In figure 13 , one can see that the air mass rate is more important when the Damköhler number increases. For a high value, the chemistry becomes very stiff for the first reaction with an excess of fuel, and is very spread out for the second one with less fuel. In figure 17 (as in figure 10 ), it can be seen that all the oxygen is consumed in the diffusion zone for large values of the Damköhler number. If Da > 10 000, the oxidizer mass fraction is too close to zero in this zone and the solution cannot be computed numerically. Note that the oxidizer mass fraction always tends to its limit Y ∞ = 0.25 after the flame.
In figure 16 , an inflection point (at z = 5 mm for Da = 30) can be seen and denotes exactly the point of the first violent zone of fuel consumption due to the presence of a large quantity of oxidizer (see also figures 13 and 19). The consumption of fuel after this point is conditioned by the provision of air and is very slow if the oxidizer does not exist in excess (i.e. if all the air is consumed, which is the case for large Da, see also figures 16 or 9 for Da > 30). Moreover, for large Da, the reaction, and of course the inflection point of the fuel mass fraction, are close to the origin. 
Variation of the plume widening coefficient
In figures 20 and 21, it can be seen that the dimensionless plume widening coefficient α = 1 / 0 influences in a significant way the velocity profile, and then the temperature profile. If this coefficient is near zero, a decreasing velocity just after the diffusion zone cannot be obtained. Indeed, the discretization of equation (35) gives
When the solution is steady, and after the flame zone, (u ∞ ) vanishes and (∂ρ/∂t) i 0. Hence, the velocity decreases if (z) increases.
In figure 21 , it can be seen that the temperature profile is clearly smaller when the velocity decreases. For high values of the plume widening coefficient, the detachment of the flame may be higher (than 6 mm), because in this case the fresh air entering the column is less important. This is not the case for small values of this coefficient, which allow a larger provision of air, leading to a reaction closer to the origin, and compels the flame to attach. 
Variation of the Boltzmann and Stefan numbers
As shown, the injection velocity is fundamental for the control of the flame. A poor choice of the radiative flux model yields the extinction process. Because the velocity depends on the temperature gradient at the origin, all values for St and Bl can be chosen. For high values of these numbers, a detachment of the flame occurs, which could be equal to at most 6 cm for St = 10 6 or Bl = 10 6 (see figure 22) . Note that the gradient of the temperature is then near zero.
For small values of the Boltzmann and Stefan numbers, the flame is attached (i.e. significant value of T at z = 3 mm) and the gradient of T is high. The model can support a large increase in these numbers. A high injection velocity makes the flame go off and leads to a decrease in gradient, possibly reaching a negative value. Because of this, and because the injection of fresh air is more important near the origin, the flame returns. This leads to a steady flame with a small and realistic injection velocity. The high values of Bl and St are always coupled with feeble gradients of the temperature.
In the cases St > 10 4 and Bl > 10 6 , a steady solution cannot be obtained: the flame is stable (i.e. all the quantities are bounded) but it moves along the z-axis, apparently, in a periodic manner.
Influence of the fresh air lateral flow
The second model of fresh air is now computed and compared with the previous one (see figures 23 and 24) in the three-dimensional flame case. The incoming fresh air now depends on the reaction rate and vanishes before and after the reaction zone. This behaviour is then completely different from the previous one and does not allow the flame to be refreshed by the air. Actually, only the air playing a role in the reaction enters the flame. This leads to a flame with a very slow decrease only due to the diffusive term. For small Damköhler numbers (Da < 60), the decrease occurs but is lost numerically for a high value of this number and a constant state is captured, which is also a solution (see figure 25 ). This is due to a too small decrease in the values and implies, for example, an oxidizer mass fraction which has not relaxed to Y ∞ (see figure 28) .
For Da > 60, the decrease of the solution is simply lost with our numerical scheme. Moreover, this model gives a flame that is far higher and a temperature that is twice as high as the previous one (figures 25-28). 
Influence of the chemistry
The influence of the chemistry is briefly shown in figure 29. As seen earlier in section 5.2, the chemistry influences the flame and also the choice of the Damköhler number. For high values of this number, the reaction rate is close to zero, but the product Da × w is high and this term becomes numerically stiff (see figures 12, 19, 26) . In figure 29 , the flame traced by the dashed line is roughly five times more spread out than the smallest, and a large intermediate panel is obtained. Moreover, the choice of the pre-exponential factor and the activation temperature is crucial and also increases this panel. We hope that this model gives a profile similar to the experimental one for a good choice of chemistry.
A large panel of flame
The whole range of flames for Da = 200 that can be obtained according to the choice of models (two-or three-dimensional integration, first or second lateral fresh air models or gas state law) or parameters (dimensionless diffusion coefficients D 1 and D 2 ) is plotted in figure 30 . Except for the flame with the second incoming fresh air model, all flames are roughly similar (e.g. the maximum value of the temperature and the height of the flame are much the same). But both choices of the modelling and of the chemistry lead to a large panel of flame: one of them could perhaps be compared with experimental flame values.
Validation with the Heskestad correlations
An attempt at validation of the model with both Heskestad correlations of flame height and temperature [10] [11] [12] [13] is now presented. The flame height H h is given by the following correlation: 
with the total heat release rateQ defined bẏ
The Heskestad correlation for the temperature T h is given by 
The two-and three-dimensional steady-state solutions from section 5.1 (see figures 3 and 5) is now compared with the previous Heskestad correlations of fire plumes. All parameters are the same as defined before, except the injection velocity, which is now constant. and 32, the two-and three-dimensional steady-state solutions are plotted as solid lines, with the associated heights (vertical dashed bars) and the Heskestad correlation for the temperatures, which give two hyperbolic profiles for the temperatures, plotted as dashed lines. It can be seen that only the first profile of the temperature is affected by the increase in injection velocity: the flame is nearer the origin. The Heskestad correlations allow us to conclude that these two flame profiles seem to be physically admissible.
Conclusion
This simple one-dimensional model gives us a large panel of diffusion flame depending on the choice of the fresh air model, the chemistry and the dimensionless numbers. The main aim is to obtain a simple model of a pool fire, which takes into account the vaporization process of the combustible species due to radiation and the incoming fresh air driven by free convection. This model shows good numerical behaviour in the sense that it gives, easily and quickly, a steady-state solution for large ranges of the main dimensionless numbers. The position of the flame zone is mainly controlled by the vaporization process and then by the Stefan and Boltzmann numbers. The spread of the fire is mainly determined by the choice of fresh air and chemistry models and then by the Damköhler number. The decrease of the flame speed is largely conditioned by the choice of the fire profile, which in turn affects the temperature profile. The next step is to compute a more realistic model of vaporization [4] with a real radiative flux. To do that, the radiative M1 model [8, 2, 7, 19, 18] will be coupled with this model. Our main aim for the future is to have a one-dimensional model of fire which takes into account the radiative loss due to both the presence of grey particles, soot for instance, and the reduction of the three-dimensional radiative model in one dimension.
